The well-documented re-colonisation of the French large river basins of Loire and Rhone by European otter and beaver allowed the analysis of explanatory factors and threats to species movement in the river corridor.
Introduction
The choice of target species for the conservation and design of riparian corridors is challenging, both with regard to resource selection and mobility [1] , as to potential biotic interactions [2] .
To identify effective movement corridors, the specification of the objectives for a corridor and empirically based evidence for corridor use by target species is crucial [3, 4] . Corridor design needs to be species-specific, despite a desire by managers to provide corridors to suit a wide range of species [5] . In this respect, concepts as umbrella species and flagships are introduced to deal with the restriction in target species selection for modelling and design purposes. The European otter Lutra lutra and the European beaver Castor fiber are often presented as umbrella species [6] respectively keystone or engineering species (Naiman et al., 1986 ) and indicators for the riparian landscape and its anthropogenic stressors [7, 8] . To evaluate the quality of the riparian corridor, both large-scale and local corridor functioning need to be addressed in enabling species movement between populations and locally between habitat components, integrating elements of environmental gradients and dispersal processes at different scales [9] . Larger mammals offer the opportunity to integrate these different scales; as population dynamics of riparian species like otter and beaver play at the river basin scale, whereas local individuals experience the habitat and its connectivity at the river stretch scale. These two scale levels are the relevant scales to gather data for the assessment of river corridor quality and functions [10, 11] . 
26
The otter is a highly mobile animal with home ranges of 2 -100km [27] . It is an opportunistic feeder, with a preference for fish but a broad range of other possible prey (crayfish, amphibians, insects, small birds and mammals) [28] . Although the European otter is often depicted as a highly selective and sensible species, it appears as much more flexible and generalist in its recovery nowadays. The image of a specialised species arose from its very restricted high quality relict ranges in West-Europe and from interpretation of behaviour and feeding habits of localised studies [29] . An often documented narrow range of fish resources for the otter may be the result of the local abundance, or because there are no alternative resources available. Where on a local scale some species may appear to be functioning as specialists, across their entire geographic range they often have generalised ecologies [30] . The beaver is much more restricted in mobility (home range 0.5 -2km) and reliant on the presence of softwood riparian forests for foraging. For this reason, human stressors to the riparian corridor are expected to play a more important role in its colonization.
Data of presences were gathered for the otter in the Loire
Basin by a network of associations' volunteers gathered under the Loire Basin Mammal Network, and for beaver in the Rhone basin by the field workers of the National Wildlife Office (ONCFS).
Harmonised protocols in data collection were adopted following the internationally agreed otter census protocol [24] and for the beaver a similar standardised protocol was developed. For the otter, presence is confirmed from the observation of spraints, whereas for the beaver traces of recent cuttings are used to determine the species' presence. The density of the river network entered in the analysis differs for the two species. In accordance to guidelines for the confirmation of otter presence and to avoid overestimating accidental visits of individuals to small water courses [28] , only main water courses in valley systems and rivers starting from a minimum catchment of >10km² are entered in the otter analysis. For the beaver who occupies a much more restricted stretch of river, a much higher resolution of the river network is integrated in the analysis, up to small brooks. In this way our approach adopts the species specific choice of a suitable scale for the ecological niche analysis [31] . So, for the otter with its large home ranges a coarser network in the Loire basin is selected than for the beaver in the Rhone basin, also complying with guidelines for reliability and interpretation of observations for the species [28] . This difference in spatial resolution is also necessary for the testing of our hypothesis concerning vulnerability of specialist versus generalist species in the light of the different mobility of the two species.
As Otter spraints cannot provide information on otter abundance, only about presence [32] , and furthermore the frequency of spraints may be very low when otters are at low densities [33] , the species distribution analysis is limited to a presence only approach. The same remarks counts for the beaver traces, for which both the period of survey and the local variety of food resources would make interpretation of abundance based on cut trees unreliable. Further difficulty is the unreliability of the absence of traces, in assuring the absence The potential for restoration and colonization of habitat is regarded as dependent on the generalist or specialist nature of the target species [12] . Generalist species with high dispersal capacities and a wide range of food resources are expected to be less constrained by barriers and unfavourable habitat in ecological networks [13] and so anthropogenic alterations to the riparian corridor are assumed to be more decisive in corridor functioning for specialist species with low dispersal capacity than for more mobile species with broad niche and food resources. Here, we test this hypothesis for the beaver as specialist and the otter as generalist species with an analysis of habitat preference and human disturbance to the river corridor for two large river basins of the rivers Rhone and Loire in France. To identify the determining environmental variables for riparian corridor functioning in terms of connectivity, both the integration of information from multiple scale levels as a specific approach to the dendritic network structure is required [14, 15] .
For this purpose, we cross-examine the spatial distribution of species with land use and environmental variables both at the river stretch and the catchment scale, to identify functional riparian corridors for the movement of species and ecological networks based on graph theory and network analysis [14, 16, 17] . Ecological network analysis shows a remarkable expansion on the methodological side of modelling techniques [18] and concepts (for instance integration of graph methods [17] ), but little progress is made in bridging the gap between these models and their applicability for the identification of conservation corridors (but see [19, 20] . To what extent anthropogenic disturbance of the riparian zone influences the corridor functioning is a central question in the realisation of ecological networks and the definition of restoration goals for river networks [10, 17] . Our analysis proposes an integrated yet straightforward approach to conservation network design based on multiple species and gives insights in the importance of choices of target species in both modelling and designing conservation corridors.
Method
Observational data for otter and beaver
In the last 2 decades a recovery of otter is observed for most of its West-European distribution, recorded for Spain [21] , Italy [22] and France [23] after many decades of decline [24, 25] . For beaver most recorded re-colonisations are accommodated by reintroduction programmes, but often show remarkable expansions consequently, as in Sweden and Germany [26] . In the Rhone basin a more exceptional natural re-colonisation over the last two decades took place. Data from the Loire river basin for the otter and the Rhone for the beaver were selected as for these river basins a core of historical population persisted and a strong re-colonisation is observed. Furthermore, the inventory for the colonisation of these river basins was done very consistently (Table 1) , potentially influencing species presence, was selected:
altitude, river slope, valley slope perpendicular to the river, mean annual discharge, channel straightening and sinuosity, density of bars and weirs/dams on the river segment, connected and disconnected waters in the floodplain, forest cover, density of infrastructure, bridges, dikes, agricultural land use and urbanisation in different buffer widths.
Analysis of distribution in relation to environmental data
To assess the contribution of the different aspects of the riparian corridor functioning and compare them for the otter and beaver datasets, a similar approach for the two investigated river basins is followed. A habitat qualification approach for species distribution by PCA and PLS-R regression [35] is used to explore the determining 'habitat' factors, followed by a network analysis integrating the 'ecological niche factor analysis' framework [36] .
The first step is the analysis of the species presences in relationship to the environmental data for the river segments. Environmental and anthropogenic stressor data of the riparian corridor A systematic splitting into river segments and assembling of hydro-morphological data for the riparian corridor in different buffer sizes (valley floor, floodplain, 100m, 30m, 10m) was realised for the entire French river network with the hydromorphology audit system SYRAH [34] . Rivers were subdivided 
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Scripts were developed to derive neighbourhood matrices that depict both network structure and distances between the nodes in the network. These matrices allow the calculation of the ecological networks, based on euclidean distance criteria between the endpoints of the segments (upstream point for upstream connection and downstream point for downstream connection).
The analysis of presence only data is the reason to apply the ecological niche factor analysis (ENFA) [37] . This technique fits well our objectives, as we are not so much interested in the probability of presence of the species, but more in the understanding of the habitat factors [38] ; the ENFA allows 
Network Approach
The dendritic river network structure needs an adequate topological definition for the analysis of its potential as ecological network for the species [15] . For this purpose and in agreement with terrestrial network frameworks, the river segments are regarded as habitat nodes whereas the true river network nodes (confluences and segment junctions) are regarded as connectors in the network [16] . As we regard corridor functioning and species movement both in up-and downstream direction, the full complexity of dendritic networks comes in the picture. Generalists and specialists in riparian corridors 
Results

Species niches
For the beaver 11 environmental and anthropogenic stressor variables responded significantly in the PCA and were entered in the regression analysis. Three groups of response variables were distinguished with the first two PCA-axes that explained 44% of the variance (Figure 2 ). At first a group of physicalgeographical variables: altitude, river slope, valley slope and discharge, explained significantly the geographical preference 
Extrapolation and network analysis
The available favourable river segments represent for the beaver species distribution start from a landscape pixel approach [22, 29, 40] . Only recently the geometric network approach to connectivity has been developed in landscape ecology with the graph methods [42, 43] . This graph-based concept has the advantage of its simplicity to unify and evaluate the connectivity of habitats, as well as to quantify the structural or functional connectivity [17] . To assess the corridor functioning of the riparian zone this graph-based approach integrates both the dendritic structure of the river network [15] as the evaluation of both habitat quality and connectivity [14] . With the applied network analysis we complement the information 
Discussion
River corridor network analysis
Spatial contagion is surely the principal element in the distribution of these colonising species [40] . For this reason a detailed and sophisticated approach is needed to determine factors explaining corridor functioning and its impairment by anthropogenic disturbances. The strength of our approach is the combination of a classic habitat suitability inference with the ENFA integrated in a network analysis. Instead of limiting as much A B
Figure 6. (A) Otter favourability of river segments in the network of the Loire basin (indices present contribution of individual segments in percentage to total for the basin). (B) Favourable segments gathered (barrier threshold 2km) in non-fragmented patches of river corridor for the otter in the Loire basin (colours indicate km of linear in classes).
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Generalists and specialists in riparian corridors 33 Determining factors for generalists and specialists in the river corridor that is inappropriate to describe accurately the land use and features in the riparian corridor [49] . Older publications on these species' preferences all stressed the importance of forest cover for maintaining their populations [24, 33] . In our detailed analysis of corridor attributes, the three measures for forest cover in the different buffer widths are well distinguished in the PLS regression and the ENFA for the two species, although they are highly correlated and grouped together in the PCA.
This indicates the strong preference of the beaver as specialist for well-developed riparian forests providing shelter and food, whereas for the otter the fragmentation of the corridor is at stake.
As a result of the diverse habitat preferences, the ecological networks for beaver and otter differ basically. For the beaver these are concentrated in larger downstream river segments with extensive floodplain forests, as this species is most restricted by the geographic setting (headwater streams less suitable) and local resources and less influenced by alterations to the physical environment of the river corridor or human presence. In contrast, the otter is more headwater-oriented, due to its sensitivity to human disturbance, alterations to the hydro-morphology and habitat fragmentation. This allows us to conclude that beaver and otter can be regarded as complementary indicator species for the evaluation of the riparian corridor functioning. Not so much the observed geographic distinction between the preferences -upstream for otter and downstream for beaver -, but mostly the difference in response to riparian corridor habitat and stressor elements, is an argument for their complementarities as indicators for the riparian corridor quality. Coupling different habitat suitability analyses [44] . This allows to visualize the barrier effects of human stressors to the species colonization [29, 45] and of natural causes like steep watersheds [23] . 
Consistency of responses
None of the metrics at the catchment' scale level (land cover categories) responded significantly. This contrasts to the observations for aquatic biota in river networks, for which urbanisation and agricultural land use at the catchment scale are mostly the main predictors [46] , due to their impact on water quality. In our analysis only variables defined at the river stretch scale proved significant, although some local variables like slope and altitude also reflect regional geography. The observed significant responses for the hydro-morphological quality of the riparian corridor in the regression analysis are generally weak due to two factors. At first, the incomplete re-colonisation of the river network results in a strong spatial autocorrelation in the distribution [7, 40] . Including spatial and climatic parameters would significantly improve the predictive power of the regression function, but as these variables would be significantly biased by the spatial autocorrelation [40, 47] , and furthermore fall out of the scope of our study, we did not integrate them. Secondly, the lack of abundance data deters strong responses to habitat factors. The use of presence observations of these mobile species in this large dataset poses risks in discriminating habitat factors, as also in marginal or even unfavourable habitat individuals can be detected during dispersal events or in the vicinity of highly occupied sites according to the source-sink dynamics [32] . Furthermore expansion in range is much faster than expansion in population [26] , increasing the risk of over-representing the observations of migrating individuals [23] . Nevertheless, the verification of regression results in the ENFA allowed identifying significantly the environmental factors that determine the quality of the species' specific habitats [39] .
segments it informs about the stressors to tackle and the habitat elements that need improvement. species requirements to the analysis of corridors over different landscape gradients and habitat components already proved successful for terrestrial species [9] . The complementary approach for different species integrating both habitat aspects and ecological networks offers perspectives to address more exhaustively ecological requirements for riparian corridor functioning, and challenges restoration by the diverse needs of different species [50] . In this way our results underpin the need for the use of multi-species approaches to design corridors, with focal species differing in mobility, resource selection and resistance [20] . In addition the applied network analysis provides a tool to evaluate and prioritize conservation and restoration efforts for the riparian corridor both within individual river systems and across catchments [19, 51] . The presented analysis enables the identification of priority segments and for the individual
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